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Forefield	and	Warsaw	populations	and	0.283	between	Warsaw	and	Station. There were 
15	unique	bands	in	the	Warsaw	population	(frequency	from	6%	to	100%)	and	one	in	
the	Station/Forefield	populations	(which	appears	in	all	analyzed	individuals	from	both	
populations).	The	Δ(K)	parameter	 indicated	 two	groups	of	 samples:	Warsaw/Station 
and	Forefield.	As	indicated	by	Fu’s	Fs	statistics	and	an	analysis	of	mismatch	distribu-
tion,	 the	 Forefield	 population	 underwent	 a	 bottleneck	 and/or	 founder	 effect.	 The	
Forefield	 population	was	 likely	 introduced	 by	 secondary	 dispersal	 from	 the	 Station 
population.







































an	 invasion.	The	extremely	harsh	abiotic	 conditions	 in	 the	Antarctic	
put	 particular	 pressure	 on	 alien	 organisms.	Many	 alien	 plant	 propa-
gules	reach	the	region	due	to	human-	mediated	transport	(e.g.,	Hughes,	
Convey,	 Maslen,	 &	 Smith,	 2010;	 Lityńska-	Zając,	 Chwedorzewska,	
Olech,	 Korczak-	Abshire,	 &	 Augustyniuk-	Kram,	 2012;	 Cuba-	Díaz,	
Troncoso,	Cordero,	Finot,	&	Rondanelli-	Reyes,	2013;	for	data	on	the	
broader	Antarctic,	see	McGeoch,	Shaw,	Terauds,	Lee,	&	Chown,	2015).	








cies	was	recorded	 in	several	 locations	 in	the	vicinity	of	the	research	
stations	 along	 the	 Antarctic	 Peninsula	 (see	 Chwedorzewska	 et	al.,	
2015;	 Molina-	Montenegro,	 Carrasco-	Urra,	 Acuña-	Rodríguez,	 Oses,	




F IGURE  1 Location	of	Poa annua	in	the	vicinity	of	Polish	Antarctic	Station	Arctowski,	●	Station,	▲	Forefield	
populations
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“Arctowski”	is	well	documented	(Olech,	1996;	Chwedorzewska	2008).	
In	 the	 austral	 summer	of	 2008/09,	 a	 population	with	 numerous	 in-
dividuals	 of	 P. annua	 was	 recorded	 in	 a	 new	 location,	 1.5	km	 from	
the	 “Arctowski”	 on	 the	deglaciated	moraines	of	 the	Ecology	Glacier	
(Figure	1;	 Olech	 &	 Chwedorzewska,	 2011).	 According	 to	 available	
historical	data,	one	can	make	the	hypothesis	that	at	“Arctowski”	the	
diaspores	 of	 P. annua	 originated	 from	 Poland,	 most	 likely	 from	 un-
sterilized	soil	 for	the	greenhouse	transported	to	the	station	 in	1978	
from	 the	 Botanical	 Garden	 in	 Warsaw-	Powsin.	 This	 is	 supported	
by	 observations	 conducted	 during	 2000–2001	 Polish	 Antarctic	
Expedition	when	 emergence	 of	 P. annua	 seedlings	was	 observed	 in	































2.2 | DNA extraction and AFLP assay
Total	 DNA	was	 extracted	 with	 the	MagAttract®	 96	 DNA	 Plant	 kit	
(Qiagen)	 following	 the	 manufacturer’s	 recommendations.	 To	 as-
sess	genetic	variability,	we	used	the	amplified	fragment	length	poly-
morphism	 (AFLP)	 procedure	 (Vos	 et	al.,	 1995)	 with	 modifications	
(Chwedorzewska,	 Bednarek,	 Puchalski,	 &	 Krajewski,	 2002),	 using	





The	 PCR	 products	 were	 separated	 on	 5%	 polyacrylamide	 gel	 and	









GenAlEx	 6.5	 (Peakall	 &	 Smouse,	 2006,	 2012)	 was	 used	 to	 evalu-
ate	 allele	 frequencies;	 number	 of	 bands	 shared	 among	 individuals	
with	a	frequency	greater	or	equal	to	5%;	number	of	unique	bands;	
Shannon’s	 Information	 Index	 (I);	 and	 expected	 heterozygosity	 (He)	
for	 each	 population	 from	 binary	 data	 assuming	 Hardy–Weinberg	
equilibrium	 (Nei	 1973,	 Bensch	 &	 Ĺkesson,	 2005),	 percentage	 of	
Primer pair code
Detected bands Polymorphic bands
Warsaw Station Forefield Warsaw Station Forefield
CpXpG-	AGC/M-	CCA 32 29 25 11 7 1
CpXpG-	GGC/M-	CAA 27 28 25 14 8 4
CpXpG-	AGA/M-	CCC 28 28 27 9 7 6
CpXpG-	AGG/M-	CAG 59 55 49 33 23 12
CpXpG-	TGC/M-	CGG 18 14 14 7 0 0
CpXpG-	ACC/M-	CCA 78 69 62 43 27 19
CpG-	GGT/M-	CCG 13 13 13 0 0 0
CpG-	AGG/M-	CAT 16 16 16 4 2 2
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polymorphic	 bands	 (P%).	 This	 software	 was	 also	 used	 to	 perform	
AMOVA	 (Analysis	 of	Molecular	Variance)	 and	 to	 estimate	 the	ФPT 
value	with	1,023	permutations	 and	20,000	bootstraps	 to	 evaluate	





ware	 (Cornuet	 &	 Luikart,	 1996).	 The	 population	 structure	 was	 an-




















270,	 252,	 and	238	AFLPs	 generated	by	 eight	 primer	 pair	 combina-
tions,	for	the	Warsaw,	Station,	and	Forefield	populations,	respectively	




was	 absent	 from	 the	 Warsaw	 population.	 The	 level	 of	 polymor-




















Population Warsaw Station Forefield














Mean ± SE P%
Warsaw 96 1.386	±	0.032 1.185	±	0.019 0.172	±	0.015 0.112	±	0.010 41
Station 96 1.177	±	0.034 1.149	±	0.018 0.131	±	0.014 0.087	±	0.010 27
Forefield 30 1.011	±	0.033 1.111	±	0.017 0.088	±	0.013 0.061	±	0.009 15
N,	number	of	samples;	Na,	number	of	different	alleles;	Ne,	number	of	effective	alleles;	I,	Shannon’s	Information	Index;	He,	expected	heterozygosity;	P%,	
percentage	of	polymorphic	alleles	(5%	criterion).
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tion	 exhibited	15	unique	bands,	 highest	 level	 of	 polymorphism	 and	
heterozygosity	 in	comparison	with	 the	Station	 and	Forefield	popula-
tions	 (Tables	2	and	3).	According	 to	available	data	 (Chwedorzewska	
et	al.,	 2015;	 Galera,	 Chwedorzewska,	 &	Wódkiewicz,	 2015;	 Galera	
et	al.,	 2017;	 Olech,	 1996;	 Olech	 &	 Chwedorzewska,	 2011),	 one	
can	hypothesize	 that	 the	diaspores	of	P. annua	probably	came	from	
Warsaw.	 But,	 Lityńska-	Zając	 et	al.	 (2013)	 identified	 caryopses	 of	
P. annua	among	diaspores	and	phyto-	remains	of	46	other	plant	spe-
cies	 in	cargo	 transported	 to	Arctowski.	Thus,	 it	 cannot	be	excluded	
that	the	Antarctic	population	was	founded	by	multiple	introductions	
from	different	 sources,	which	 is	 supported	 by	 the	 presence	 of	 one	
band	exclusive	to	both	Antarctic	populations.	Multiple	introductions	
are	 a	 common	 feature	 of	 biological	 invasions	 (Dlugosch,	 Anderson,	
Braasch,	 Cang,	 &	 Gillette,	 2015;	 Facon,	 Jarne,	 Pointier,	 &	 David,	
2005).	We	suspect	the	same	phenomenon	in	the	case	of	the	Station 




outcompete	 their	parental	 genotypes	as	a	 result	of	either	heterosis	
effects,	by	creating	new	genotypes	through	recombination	(Dlugosch	
et	al.,	 2015;	 Facon	 et	al.,	 2005),	 or	 via	 phenotypic	 plasticity	 (e.g.,	
Lavergne	&	Molofsky,	2007).
The	 lowest	 variability	 of	 the	 Forefield	 population	 suggested	 ge-











2003).	As	expected,	 the	Forefield	 population	 fulfilled	 the	bottleneck	
hypothesis,	or	more	 likely	the	founder	effect.	However,	 it	 is	difficult	









Source of variability Sum of squares Variance components
Percentage of 
variability
Among	populations 1110.8 8.04 38








Nei’s GD ФPT FST Nei’s GD ФPT FST
Station 0.053 0.283 0.283 – – –




F IGURE  3 Estimated	genetic	structure	for	K = 2










Model Statistics Warsaw Station Forefield Mean SD
Demographic	expansion SSD .0006 .0027 .0010 .0014 .0011
Model	(SSD)	p	value .3270 .0230 .9110 .4203 .4513
Raggedness	index .0013 .0023 .0049 .0028 .0018
Raggedness	p	value .6100 .1050 .8380 .5173 .3750
Spatial	expansion SSD .0006 .0027 .0010 .0014 .0011
Model	(SSD)	p	value .3050 .1000 .8860 .4003 .4457
Raggedness	index .0013 .0023 .0049 .0028 .0018
Raggedness	p	value .6000 .1180 .8610 .5263 .3770
Arrangements	of	statistics	for	mismatch	distribution	and	demographic/spatial	expansion	for	all	analyzed	populations.
TABLE  8 Testing	bottleneck	versus	mutation	drift	equilibrium	hypotheses	for	all	analyzed	populations
Population Mutation model SING Test Standardized test Wilcoxon test
Warsaw IAM Hee	=	45.4 T2:	5.614 One	tail	of	heterozygosity	
deficiency	1.0000




Station Hee	=	29.87 T2:	8.134 One	tail	of	heterozygosity	
deficiency	1.0000




Forefield Hee	=	17.48 T2:	3.696 One	tail	of	heterozygosity	
deficiency	0.99986







Warsaw Station Forefield Mean SD
Tajima’s	
D	test
S 114 74 42 76.667 36.074
Π 31.596 25.614 14.347 23.852 8.758
Tajima’s	D 1.406 2.539 1.305 1.750 0.685
Tajima’s	D p	value .890 1.000 .950 .946 .055
Fu’s	FS 
test
Θ–π 31.596 25.614 14.347 23.852 8.758
Expected	no.	of	alleles 44.482 40.297 16.534 33.771 16.073
FS −23.958 −23.958 −19.470 −22.473 2.601
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which	could	be	transported	away	from	the	Station	population.	A	sub-
stantial	number	of	P. annua	tussocks	were	located	at	a	heavily	trampled	
area	within	Arctowski	 (Galera	 et	al.,	 2017);	 thus,	 the	 soil	 containing	
small	seeds	may	have	been	transferred	on	boots	and	transported	to	
other	areas.	The	low	genetic	diversity	of	the	Forefield	population	sug-




Comparisons	of	 genetic	variability	of	 the	only	 two	Antarctic	 an-
giosperm	 Deschampsia antarctica	 Desv.,	 Poacea	 (Chwedorzewska	
&	 Bednarek,	 2011;	 ΦPT	=	0.031)	 and	 Colobanthus quitensis	 (Kunth)	
Bartl.,	 Caryophyllaceae	 (Androsiuk,	 Chwedorzewska,	 Szandar,	 &	
Giełwanowska,	 2015;	 FST	=	0.164),	 with	 the	 local	 population	 of	





The	 polyploidy	 of	 P. annua	 may	 also	 inflate	 its	 intrapopulation	
	genetic	 variability.	 This	 species	 is	 an	 allotetraploid	 and	 thought	 to	
be	derived	 from	a	cross	between	Poa infirma	H.B.K.	and	Poa supina 





hybrids	 tend	 to	 have	 greater	 fitness,	 possibly	 because	 of	 increased	













can	be	 followed	by	 rapid	adaptive	evolution	 (e.g.,	Amsellem,	Noyer,	
Le	Bourgeois,	&	Hossaert-	McKey,	 2000;	Dlugosch	&	Parker,	 2008).	
A	 particularly	 successful	 invasive	 population	 may	 originate	 from	 a	
former	 introduction	 by	 secondary	 dispersal	 (Lawson	Handley	 et	al.,	
2011).
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